This paper argues that a genetic adaptation to the Neolithic Revolution led to differential levels of development in the precolonial era. The ability to digest milk, or to be lactase persistent, is conferred by a gene variant that is unequally distributed across the Old World. Milk provided qualitative and quantitative advantages to the diet that led to differences in the carrying capacities of respective countries. It is shown through a number of specifications that country-level variation in the frequency of lactase persistence is positively and significantly related to population density in 1500 CE; specifically, a one standard deviation increase in the frequency of lactase persistent individuals (roughly 24 percentage points) is associated with roughly a 40 percent increase in precolonial population density. This relationship is robust to a large number of sample specifications and potentially omitted variables.
Introduction
The great disparities in productivity that are seen throughout the world today are not new. As of 500 years ago great variations in technology, state development, and industry were obvious across states and continents; most notable is the distinction between Europe and sub-Saharan Africa. Europe was in the middle of the Renaissance, had complex systems of state organization, numerous divisions of labor, and was making great strides in seafaring, while Africa was vastly under populated and relatively under developed. What are the causes of variations in historic development? It is known that Eurasia contained advantages in initiating and spreading agriculture, but are there other factors which led to larger precolonial populations? Why did Europe in particular have an advantage over other Eurasian states? This paper argues the variation in an important food source, milk, is significantly related to economic development in the precolonial era.
The Neolithic Revolution changed the environment in which humans lived. 1 Furthermore, this change occurred at different times for different peoples; implying, certain groups have had a longer time to adapt to the new environment. In the words of Clark (2008, P. 6; Galor and Moav 2002) , "The Darwinian struggle that shaped human nature did not end with the Neolithic Revolution but continued right up until the Industrial Revolution." A major adaptation to the agricultural lifestyle is the ability to consume milk, or to be lactase persistent. 2 Milk is an additional resource that some could consume, while others could not. In the Malthusian economy of the precolonial era, this variation in the consumption of milk is hypothesized to be associated with the productivity of workers. In accordance with the Malthusian theory of Ashraf and Galor (2011) , the increased productivity of lactase persistent workers led to a temporary increase in income and a permanent increase in populations. I therefore seek to explain differences in population density in 1500 CE as a function of a country's frequency of lactase persistence.
Frequencies of lactase persistence are available by ethnicity for the second half of the twentieth century (Ingram et al. 2009a) . A central assumption is that these frequencies have not changed much over the past 500 years. 3 However, it is unlikely that country-level ethnic compositions are unchanged since 1500 CE; therefore, a measure of ethnic compositions for 1500 CE is needed. Through the use of migration data for the past 500 years, I am able to back out ethnic compositions for the year 1500 CE. And assuming gene frequencies have remained relatively stable over this period, this allows for the creation a country-level measure for the frequency of lactase persistence in 1500 CE. 4 The constructed measure of lactase persistence has a positive and significant association with population density in 1500 CE. My baseline estimate states that a one standard deviation increase in the fraction of lactase persistent individuals within a country is associated with roughly a 40% increase in population density. This relationship is robust to the inclusion of a number of valid controls as well as differing sample specifications. In particular, the effect of lactase persistence is not driven by the overarching advantages of an earlier transition to agriculture, which have been documented extensively (see e.g., Hibbs and Olson 2004 and Putterman 2008 ).
Previous Literature
A number of papers have established an empirical link between the past and current economic events (for review, see Nunn 2009 ). 5 The current work seeks to build upon this research by contributing to the explanation of historical differences in development.
One of the most comprehensive works in explaining precolonial populations, and therefore, precolonial development, is Jared Diamond's Guns, Germs, and Steel (1997). Diamond's main argument is that societies on the Eurasian continent contained a geographical advantage in both initiating and spreading agriculture. In particular, the geographical advantages of Eurasia are the number of domesticable species (plants and animals) and the East-West orientation of the continent, where the former is associated with an ease of initiating agriculture and the latter an ease of agricultural diffusion. These advantages allowed for an earlier transition to, and a more widespread use of, agricultural practices; which in turn, allowed for large populations, the development of cities and states, the specialization of labor, and, ultimately, a head start in the acquisition of material prosperity. Diamond's hypothesis is tested by Putterman (2008) and Hibbs and Olsson (2004) , who find a positive correlation between agricultural transition dates and wealth levels in 1500 CE. The most tangible difference between the two papers is in the way agricultural transition dates are calculated: Putterman uses archaeological facts in calculating the dates for particular countries, while Hibbs and Olsson use biogeographic and geographic conditions in order to estimate the transition dates for regions.
Instead of archaeological evidence or environmental estimates, I use an observed genetic difference between societies as a predictor of past economic development. This genetic difference is primarily driven by differences in culture; and through the process of natural selection, this information has been passed through generations of humans until today. In other words, the use of genetic variations provide a quantitative measure of historic differences that may be used to measure the usage or availability of Spolaore and Wacziarg (2009) . The correlation between the two measures of the frequency of lactase persistence is 0.98. Estimation with the alternative measure is found in the supplemental appendix.
5 See, e.g., Acemoglu et al. 2001; Bockstette et al. 2002; Chanda and Putterman 2007; Comin et al. 2010; Sokoloff 1997, 2002; La Porta et al. 1999; Nunn 2008. a cultural or environmental advantage that is conferred to some societies and not others.
A number of recent papers explore the effect that genetics may have on aggregate economic outcomes (see, e.g., Ashraf and Galor 2013; Spolaore and Wacziarg 2009) . In general, these papers use broad genetic variation measures between, and within, particular countries to explore differing economic outcomes, historic and current. This paper differs by the use of a particular gene variant, not differences in the general genetic make-up of a population. The current work uses variation in an expressed genetic trait which has been naturally selected for since the Neolithic Revolution. To my knowledge, this is the first paper to explore the effect of a single genetic adaptation on aggregate economic conditions.
A similar work by Nunn and Qian (2011) explores how the introduction of the potato to the Old World has affected populations in the 18th and 19th centuries. They show that exogenously determined soil conditions, which are favorable for potato production, account for 25%-26% of the population increase from 1700 to 1900 and 27%-34% of the increased urbanization rate in the same time period. Both the current work and that of Nunn and Qian explore how the addition, or varied use, of a particular food source affects historic populations. A slight difference, however, is found in quantifying the spread of the respective food sources; Nunn and Qian use soil conditions, whereas I use the observed differences of an underlying genetic variation.
The role of natural selection since the Neolithic Revolution has also been studied in recent research.
Theoretically, Galor and Moav (2002) establish a unified model that captures the evolution of both man and economic outcomes, while Galor and Michalopolous (2012) show the selection for particular traits since the beginning of agriculture. Empirically, Galor and Moav (2007) show adaptation since the initiation of agriculture has a statistically significant relationship with contemporary variations in aggregate health measures. The work of Galor and Moav (2007) implies that differences have developed since the Neolithic Revolution and that these differences may be correlated with differing economic outcomes.
Population Advantages of Milk Consumption
The first direct evidence of milk consumption is from Northwest Anatolia in 7,000 BCE (Evershed et al. 2008) . The practice of dairying diffused to Eastern Europe by 6,000 BCE and to Britain by 4,000 BCE (Craig et al. 2005; Copley et al. 2003) . Outside of Eurasia, the first evidence of dairying occurred roughly 7,000 years ago in North African grasslands, which are presently found in the Saharan Desert (Dunne et al. 2012 ).
The consumption of milk today ranges from cows in Europe, America, Australia, and Africa to camels and goats in the Middle East, reindeer in the Arctic, mares and asses in the Eurasian steppe, and water buffalo in Southeast Asia (WHO 2009) . 6 There is considerable evidence that milk stimulates growth, increases bone density, and provides essential vitamins and minerals (Hoppe et al. 2006) . Milk is an incredibly complex liquid that contains fats, proteins, vitamins, and minerals. Along with quality advantages to diet, milking also allowed early farmers and pastoralists to obtain a greater number of calories from a fixed number of cattle. Through the qualitative and quantitative attributes of milk, greater populations could be supported for a fixed quantity of land.
In terms of the Malthusian theory of Ashraf and Galor (2011) , workers able to consume milk were able to produce greater levels of output (e.g., milk, cheese, etc.). The increased level of output associated with lactase persistent workers led to a temporary wage increase for these workers. This increase in wage for a segment of the population resulted in a greater demand for offspring amongst this segment, which ultimately increased the population while keeping output per worker, or income, constant.
This had two effects: First, this provides a theoretical relationship between lactase persistence and population density in the precolonial era. Second, this is the basic premise for the natural selection of lactase persistence.
The quantitative advantages in the ability to digest lactose are apparent. Consider two farmers (or pastoralists) with identical numbers of cattle (or some other milk producer). One of the farmers is able to digest milk, while the other is not. The farmer who is able to digest milk immediately gains an additional resource from his set herd of cattle. Moreover, the farmer who is able to digest milk can now support a larger family, which in turn has the effect of increasing the population and increasing the percent of lactase persistence within the population.
It isn't necessarily the case that strict specialization in milk production is required to increase population densities. This paper argues that the supplementation of the additional resource is enough to improve precolonial population levels. Horticulture can supply vastly more calories per acre than any husbandry technique (Cooper and Spillman 1917) . A homogenous diet of a few grains, however, led to adverse health effects in early farmers (Cohen and Armelagos 1984) . The addition of fats, proteins, vitamins, and minerals found in milk provided a healthy balance to the early farmer's diet, which, in turn, allowed for longer lives and greater populations. According to the World Health Organization (2009, p. 3): "The profile of amino acids in milk complement those in grains and cereals, which is of considerable benefit in communities where grains and cereals predominate." Additionally, Nunn and Qian state (2011, p. 7): ". . . a single acre of land cultivated with potatoes and one milk cow was nutritionally sufficient for feeding a large family of six to eight." 7 Considering two societies with equal 6 For simplicity I reference milk to be from cattle. 7 This idea from Nunn and Qian is supported by a companion paper that shows the introduction of the potato following the Columbian Exchange had larger effects in countries with large frequencies of lactase persistence (Cook forthcoming). resources, the society that is able to digest milk gains a qualitative dietary advantage that improves health and therefore population.
In addition to the direct effects of consumption, the availability of milk may have increased the fecundity of early sedentary women. Postpartum amenorrhea, or infertility, is positively related to the length of time an infant weans (Jain et al. 1970; WHO 1998) . The use of animal milk as a substitute for mother's milk reduces weaning time, thereby shortening the postpartum infertility period. 8 Implying, a mother who had access to milk would have been able to give birth to a larger number of children over her life span, providing another mechanism for the hypothesized positive relationship between dairying and populations.
Selection for Lactase Persistence
A sugar found in milk, lactose, is responsible for the exclusivity in consumption. The enzyme required to break down lactose, lactase, is found within the small intestine. 9 If this enzyme is not present, the lactose will pass to the colon causing diarrhea or cramping to occur (Simoons 1969) . Like all mammals, humans produce lactase from birth until the end of weaning in order to digest the numerous nutrients that are passed from mother to offspring. 10 Certain populations of humans, however, have acquired an allele, or gene variant, that allows for the production of lactase throughout their adult lives; this is known as lactase persistence. 11 Considering that the vast majority of humans, and all other mammals, are unable to produce lactase beyond the weaning period, it must be the case that the inability to drink milk into adulthood is the original state (Simoons 1969) . Accordingly, the ability to digest milk, or to be lactase persistent, is one of the most famous cases for continued evolution in humans (Ingram et al. 2009a ).
The Neolithic Revolution radically changed the environment for humans, and this change occurred at different times for different peoples. This implies that certain groups have had a longer time to evolve, or adapt, to the new environment, and one adaptation is the continued production of lactase. Burger et al. (2007) show that the allele, or gene variant, that allows for lactase persistence in Europeans is absent, or rare, in early Neolithic Europeans. Additionally, Plantinga et al. (2012) explore the frequency of the gene variant associated with lactase persistence amongst Late Neolithic (5,000 to 4,500 YBP) populations of southwest Europe, finding a frequency well below modern levels.
Considering that Europeans have the highest levels of lactase persistence in the world, the findings of 8 All infants produce lactase in order to digest mother's milk. 9 Lactose is found in all milk. 10 Weaning is the process of an infant taking nourishment other than by suckling. 11 As is consistent with the literature, I will use lactase persistence instead of lactose tolerance. Although, the two terms have equivalent definitions. Burger et al. and Plantinga et al. imply that the ability to digest lactose into adulthood is a new phenomenon that gives a significant advantage to its possessors. Toward this end, Bersaglieri et al. (2004) find that the differences in lactase persistence frequencies are due to a strong positive selection of an allele that allows for milk consumption occurring in the past 5,000-10,000 years, a time range that is consistent with the domestication of cattle and other milk producing domesticates. This advantage is estimated in Bersaglieri et al. (2004) who find that the ability to continually produce lactase has a selective advantage between .014 and .15: this implies that a population of 1,000 individuals that are able to produce lactase throughout their lives will have between 14 and 150 more offspring per generation compared to individuals without the ability to produce lactase. 12 Furthermore, the gene variant that confers lactase persistence is the "textbook" example of a selective sweep (Nielsen et al. 2005; Ingram et al. 2009a). 13 If no cattle were available, and therefore no milk, then no advantage is had by producing lactase past the weaning period. Therefore, the availability of milk is a necessary condition for the rise in frequencies of lactase persistence. This co-evolution of dairying and lactase persistence is formally known as the "Cultural Historical Hypothesis" and is attributed to Simoons (1970) . According to Simoons: Such an advantage most likely would occur in groups, not necessarily pastoral, that not only enjoyed a plentiful milk supply, but that had other foods inadequate in amount and quality, and that did not process milk into products low in lactose. Under these conditions, the lactase aberrant adults would better multiply, and would more successfully defend their families against others. And in their numerous descendants, high levels of adult lactase activity would come to prevail.
The "Cultural Historical Hypothesis" has received considerable attention lately with the discovery that the origination of lactase persistent alleles have coincided with the proposed dates of the domestication of cattle (Coelho et al. 2005 , Mulcare 2006 , Bersaglieri et al. 2004 , and Tishkoff et al. 2007 ).
One concern in establishing the relationship between the frequency of lactase persistence and precolonial development is that lactase persistence may just be a proxy for the origination of animal husbandry; whereby the frequency of lactase persistence is an increasing function of the years since the domestication of a particular mammal. While it is true that the availability of milk, or cattle, is a necessary condition for the evolution of lactase persistence, it is not, however, a sufficient condition.
Southern Europe, Eastern Europe, the Near East, and the Middle East have had access to milk for as long, or longer, than Northern Europeans, yet these areas have significantly lower levels of lactase persistence (Simoons 1978) . Differences in dairying also have a cultural significance. The use of lactase persistence frequencies intends to measure the advantages of dairying, not animal husbandry.
A further, and potentially more problematic, concern is reverse causality. As will be explained in Section 2, the data for lactase persistence are for contemporary populations. The use of historic population density and contemporary frequencies of lactase persistence provides for the possibility that higher population density led to an increase in the frequency of lactase persistence. One mechanism for this potential reverse-causal relationship is tied to the role of infectious disease, which is more prevalent in dense populations. Holding constant relevant factors, population size remains constant during the Malthusian era. Infectious disease, which has a positive association with population density, leads to an increase in the mortality rate, and given the consistency of the population, this increase in mortality will also be associated with an increase in the birth rate. This process effectively leads to a greater turnover of the population within a country, thereby accelerating the selection of favorable traits such as lactase persistence. Therefore, population density in 1500 CE could potentially lead to differential selection of lactase persistence and in the process create a positive statistical relationship between the two variables that is independent of the hypothesized increase in carrying capacity from dairying. The potential for this source of bias, however, is unlikely given the relatively short period of 500 years, or 20 generations. From simple simulations it can be shown that the majority of the selection for the lactase persistence trait occurs shortly after the adoption of dairying, and that any changes in the last 500 years are small. Furthermore, other traits-lessened skin pigmentation and blue eyesthat have no hypothesized relationship to a country's carrying capacity and have also have undergone recent selection, show no positive relationship with population density, providing little support the acceleration of selection from population turnover due to increased infectious disease loads. However, given the concern of reverse causality and the possibility of omitted variables tied to the cultural adaptation of dairying, a strict interpretation of lactase persistence causing differences in population density should be avoided. 14 2 Data
The Frequency of Lactase Persistence
Milk consumption has independent origins across the Old World, which has resulted in a number of gene variants, or alleles, responsible for the production of lactase (Ingram et al. 2009b; Tishkoff et al. 2006) . Furthermore, the frequency of a particular gene variant is ethnic specific. In other words, the gene variant that allows for milk consumption in Northern Europeans is not identical to the allele 14 The supplemental appendix provides a fuller discussion of the potential for reverse causality.
that allows for milk consumption in Western Africans. 15 It is for this reason that the observed, or phenotypic, ability to consume milk is the primary determinant of the measure of lactase persistence. 16 The data for the frequencies of lactase persistence come from Ingram et al. (2009a) , from which the authors aggregate data from past studies of lactase persistence frequencies for differing ethnicities. Arbitrary cutoff levels in defining digesters and maldigesters, or, respectively, lactase persistence and non-lactase persistence, imply that measurement errors will be present.
Estimating the Ethnic Composition of Countries in 1500 CE
In creating a country wide measure for lactase persistence frequencies, two problems need to be overcome. First, I need to aggregate ethnic groups into countries. And secondly, I need ethnic compositions representative of the precolonial era, not for contemporary periods. 15 A measure of the frequency of lactase persistence has been calculated by using the frequency of the gene that allows for the continued production of lactase in European populations. Substituting this measure into the estimating equation specified above leads to a positive and significant coefficient, but the use of the European gene frequency is sensitive to the inclusion of a number of controls. This is to be expected, due to the gene's positive relationship with milk consumption in Europeans and nonexistent relationship with milk consumption in all other ethnic populations, which results in a large measurement error on the explanatory variable of interest and an attenuation of the coefficient.
16 A phenotype is the physical expression of a genotype (Hartl and Clark 2006 The aggregation from ethnic groups to countries gives a cross-country measure for the frequency of lactase persistence. This measure, however, is for the present period and may not be relevant in the prediction of variables in the precolonial period. A cross-country measure for lactase persistence 500 years in the past is needed. The primary way of calculating country-level ethnic compositions in 1500 CE involves using data on migration frequencies over the period 1500 to 2000 (Putterman and Weil 2010) . 19 If it is known where a county's current population has migrated from over the past 500 years, it is possible to effectively remove this fraction of immigrants from the current population, leaving a rough representation of the population in the year 1500 CE. Consider an m × n matrix, E 1500 m×n , which contains the ethnic composition of countries in the year 1500 with m ethnic groups and n countries. The matrix E 1500 m×n states that in 1500 CE the entire population of China is ascribed to the Han ethnic group and the entire 1500 population of Malaysia is ascribed to the Maori ethnic group. Migration over the last 500 years is given by: Han ethnic group and Malaysia was entirely composed of the Maori ethnic group, Malaysia's current ethnic composition is 75% Maori and 25% Han. This is shown by: 
Data: Summary and Sources
Using the ethnic compositions given by the inversion of the migration matrix, I am able to create a lactase persistence measure for the year 1500 CE; this is the primary measure of lactase persistence to be used. This method yields 108 countries for the base estimation, of which 49 have exact ethnic matches. Table 1 presents the descriptive statistics for the frequency of lactase persistence as well as other variables used in the baseline regression model. The mean frequency of lactase persistence in the base sample is 41.52%, which is similar to the world mean of 35% given by Ingram et al. (2009a) . 21 Figure   1 gives a shaded map of Old World lactase persistence frequencies. As expected lower frequencies of lactase persistence occur in sub-Saharan Africa while higher frequencies are reported in Western Europe, Scandinavia in particular, with a max sample frequency of 96% in Sweden and a min of 2.33%
in Zambia. Figure 2 gives historical areas of milking and non-milking from Simoons (1969) . Comparing 
Results
This section establishes the relationship between country-level lactase persistence and development in the precolonial era, measured by population density in 1500 CE. Firstly, I show that a positive and statistically significant relationship exists between these two variables, which provides support for the main hypothesis of this paper. Going further, I show that this relationship is robust to sample adjustments and the inclusion of conceivable omitted variables. Finally, I explore the effect of lactase persistence on differing dependent variables.
Baseline Estimation
The baseline estimating equation follows a form similar to that given in Ashraf and Galor (2011) . The frequency of lactase persistence allowed workers to produce more from their environments. This in turn increased production and population density in the Malthusian era. This hypothesis is tested with the following estimating equation:
where i is a country index, β 1 is the coefficient of interest throughout the paper, X i is a vector of agricultural controls, D i is a vector of controls for domesticate animals, T i is a vector technological controls, G i is a vector of controls for geography, C i is a vector containing continent and region indicator variables, and i is the cross-country error term. The coefficients of equation (1) are estimated with ordinary least squares and robust standard errors are reported. Table 2 provides estimated coefficients of equation (1); the coefficient of the frequency of lactase persistence, the coefficient of interest, is included in all estimations, while the specified control vectors are piecemeal included. Column (1) displays the simple bivariate regression of 1500 population density on the country-level frequency of lactase persistence. The explanatory variable has a positive coefficient that is significant at the 1% level and explains roughly 20% of the variance in the log of 1500 population density. To be more precise, column (1) reveals that a one standard deviation increase in the frequency of lactase persistence is associated with roughly a 58% increase in the number of people per squared kilometer. For Egypt, the country with the median population density in the base sample, this corresponds to an increase of two people per square kilometer.
In column (2), continent and region dummies are included into the regression of column (1). Given the sample restraint of only Old World countries, the vector of continent dummies includes indicator variables for European and African countries. Considering the plot in Figure 3 , Scandinavian countries are clear outliers in the relationship between the frequency of lactase persistence and precolonial population densities. 22 Additionally, the high frequency of lactase persistence associated with Scandinavian 22 Finland, Norway, and Sweden are also statistical outliers in the relationship between the frequency of lactase persistence and population density as signified by a robust standardized residual larger than 2.25 (Verardi and Croux 2009) . The coefficient of lactase persistence is unchanged in magnitude or significance when excluding the Scandinavian dummy. The Scandinavian dummy consists of markers for Denmark, Finland, Norway, and Sweden. While Finland is not culturally Scandinavian, it does exhibit characteristics for which the indicator is intended to control for, mainly high levels of lactase persistence and relatively low population density. The exclusion of Finland from the Scandinavia indicator, or the countries may be the product of recent migration (Vuorisalo et al. 2012) . I therefore include a regional dummy for Scandinavia. The inclusion of continent and Scandinavia effects does not significantly alter the effect of country-level lactase persistence. The coefficient remains positive and is statistically significant at the 1% level.
Controlling for the effects of agriculture are necessary to measure the added benefit of milk consumption. A hypothesis posited by Cook and al-Torki (1975) suggests that the development of milking cultures occurred in relatively harsh environments, which were not suitable for agriculture. In order to survive in these environments, humans had to extract more calories from their environment, which includes domesticate animals. This hypothesis suggests less suitable environments, or environments that could support fewer individuals, should have greater frequencies of lactase persistence, the opposite of the hypothesis posited in the current work and the opposite of the effect of lactase persistence found in columns (1) and (2). An alternative view considers the added advantage of milk consumption. Peoples with greater frequencies of lactase persistence had an advantage in productivity. This advantage should have led to populations with a high frequency of lactase persistence dominating populations with a low frequency lactase persistence, resulting in an even distribution of lactase persistence and an even distribution in population density. 23 The analysis, however, considers the marginal, or added, benefit of lactase persistence holding constant other determinants of development in the precolonial period.
The amount of time a country has practiced agriculture along with the effectiveness of agriculture are important determinants of development in the precolonial period. To account for these effects, column (3) includes the natural log of the millennia a country has practiced agriculture and the natural log of land productivity, which accounts for both the fraction of arable land and the average probability of cultivation within a country (Ashraf and Galor 2011; Michalopolous 2012; Putterman 2008; Ramankutty et al. 2002) . With the inclusion of all agricultural controls in column (3), the effect of lactase persistence remains similar to the bivariate regression of column (1) and the inclusion of continent and region dummies in column (2). When favorable or harsh environments are held constant, the positive and significant effect of lactase persistence is unaltered.
Dairying is dependent upon the availability of domesticate animals, which provide additional benefits to population (e.g., labor, meat, and wool). In an attempt to control for these additional effects of domesticate animals that are independent of milk production and dairying cultures, column (4) includes a number of controls that intend to capture the alternative channels in which domesticate exclusion of the indicator itself, does not alter the estimated relationship between the country-level frequency of lactase persistence and population density in 1500 CE.
23 As is shown in Table 6 , the country-level advantage of lactase persistence is a relatively recent phenomenon. Lactase persistence was most likely associated with pastoral societies and didn't result in denser populations until the widespread use of sedentary agriculture.
animals influence population density. The additional controls include the agricultural suitability of plow-positive and plow-negative crops, the suitability of land for pasture, and the ecological suitability of the tsetse fly. The inclusion of the plow agriculture variables intends to capture other non-dairying benefits of domesticate animals, particularly increases in productivity from the use of draft animals.
For the same reasons, the suitability of land for pasture is also controlled for, from which the inclusion of this variable intends to capture other non-observed benefits of domesticate animals that are independent of the cultural adaptation of dairying. 24 Finally, the inclusion of tsetse suitability accounts for ecological channels that limit the presence of large domesticate animals (Alsan 2014). 25 As reported in column (4), the inclusion of all controls, which serve as proxies for the number and usage of domesticate animals, does not alter the previously found relationship between the frequency of lactase persistence and population density in 1500 CE.
As stated previously, the evolution of lactase persistence is dependent upon dairying cultures.
It is possible, that cultures associated with dairying were also associated with other technological advantages. For this purpose, it is essential to control for differences in technology. The measure of technology in 1500 CE is the great circle distance from a technological frontier. Old World technological frontiers are London (U.K.), Paris (France), Cairo (Egypt), Fez (Morrocco), Constantinople (Turkey), and Peking (China). In addition to the distance to the technological frontier, I also include an indicator variable for whether or not a country was a part of the Roman Empire. Acemoglu et al. (2005) find that countries belonging to the Roman Empire had significantly higher levels of development between 1400 and 1600 CE, which encompasses the year of precolonial development of 1500 CE. Additionally, members of the Roman Empire shared a common government and culture, which provides a further control against a potentially omitted cultural variable associated with precolonial population density.
Column (5) takes into account these measures of technological variation. The measures of technology have the expected signs and are statistically significant and the frequency of lactase persistence remains positive and significant at the 1% level and is similar in magnitude to the estimates of column (2), which excludes all controls except continental dummies.
As a final set of controls for the baseline regression model, I include measures for geographical variation. Byproducts of dairying culture, such as butter, cheese, and yogurt, are able to be stored and preserved, whereas milk spoils relatively quickly. These added goods could potentially be traded, 24 The suitability of land for pasture uses the contemporary suitability, implying that this measure may also be influenced by 1500 CE population densities; therefore, as with the measures from the Ethnographic Atlas, the use of land suitable for pasture may not be controlling for historic differences in land for pasture but differences in population density in 1500 CE. 25 The main measure of ecological suitability for the tsetse fly is the average across three strains-Fusca, Morsitans, and Palpalis. The inclusion of each suitability measure, either separately or together, does not alter the coefficient of the frequency of lactase persistence.
adding a benefit to dairying culture unrelated to the consumption of milk. As a potential control for this effect, I include the mean distance from a coast or navigable river. 26 As a further measure for climatic, or geographic differences, I also control for the absolute latitude of a country. The added geographical controls do not alter the significance or magnitude of the coefficient of interest. This is shown in column (6). Column (7) comprises the regression model specified in equation (1). After including relevant controls, the frequency of lactase persistence is shown to have a positive relationship with population density in 1500 CE that is statistically significant at the 1% level. Figure 4 gives the orthoganolized plot of the estimation in column (7). The coefficient of column (7) gives that a one standard deviation increase in the frequency of lactase persistence is associated with a 36% increase in population densities in the year 1500. In other words, if Egypt's lactase persistence frequency was equal to that of Pakistan, everything else constant, Egypt's population density would increase from roughly 4 to 5.7 people per squared kilometer.
Column (8) repeats the regression given by column (7); however, the sample is reduced to the countries in which the majority ethnic group is directly matched between Ingram et al. (2009a) and Alesina et al. (2003) . The estimated effect of lactase persistence remains positive but is statistically indistinguishable from zero; however, due to the reduced sample and resulting loss in precision, I can not rule out that the coefficient of lactase persistence in column (8) is different in magnitude from the base estimation of column (7) that uses the extended sample (p=0.55) .
The estimates of Table 2 support the main hypothesis. Those societies which consumed milk had the advantage of an additional resource. Access to this additional resource is hypothesized to provide an added benefit, which holding constant other factors of development, is associated with denser populations in the precolonial era. Concerns, however, of reverse causality and omitted variable bias limit the causal interpretation of the strong statistical relationship found in Table 2 .
Whether or not the relationship between the frequency of lactase persistence and precolonial population density is causative, depends in part upon the source of the cross-country differences in lactase persistence. Lactase persistence has arisen from cultural variation. The cultural cause of differences in lactase persistence creates an ambiguity in the exogeneity of the measure. In other words, did those cultures that adopted dairying have other unseen population advantages? An additional complication arises from the unmeasured benefits of cattle and other milk producing animals (e.g., draft labor, meat, etc.), which are likely correlated with the frequency of lactase persistence. In part, the baseline estimating equation addresses these potential sources of endogeneity by controlling for the suitability of 26 Distance from the a technological frontier should also account for the potential effects of trade.
pasture and plow intensive crops as well as a number of controls for cultural similarity across countries.
The next section will attempt to further alleviate concerns of bias through sample adjustments and the inclusion of possible omitted variables. 27
Sensitivity Analysis

Sample Adjustments
The method for approximating ethnic compositions in 1500 CE is prone to measurement error. This is due to disparities in the current ethnic composition and country compositions in the migration matrix (Putterman and Weil 2010) . Further, this error is larger in countries that have experienced large immigrations between 1500 and 2000 CE. To account for this potential error Table 3 truncates the base sample by the fraction of the current population that is derived from the 1500 CE population.
Column (1), for example, excludes all countries which have less than 50% of the current population originating from the within country 1500 CE population. This results in the exclusion of only four countries from the baseline sample; as a result, the significance and magnitude of the coefficient of interest are similar to those in column (7) of Table 2 . Column (2) excludes countries in which less than 75% of the contemporary population is derived from the 1500 CE population. This results in the exclusion of 17 countries that are included in the baseline sample. The coefficient of the frequency of lactase persistence remains consistent in magnitude and significance. Column (3) performs the same truncation as columns (1) and (2) but sets the threshold of within country population to 85%; again, the estimated coefficient is statistically significant and positive. Column (4) excludes countries with less than 95% of the current population derived from 1500 CE populations. This results in excluding 56 countries from the baseline sample. The estimate of the coefficient of interest, however, remains positive and is significant at the 1% level. The measurement error that results in the approximation of 1500 CE ethnic compositions does not appear to affect the results. This gives further credence to the relationship between milk consumption, measured by the frequency of lactase persistence, and population density posed in this paper.
While the baseline estimate for the effect of lactase persistence takes into account continent effects, I believe within continent estimations are necessary to further establish the relationship between milk consumption and population density in 1500 CE. Of particular importance is the role of Europe.
Europe contained on average denser populations as well as higher frequencies of lactase persistence.
This implies that the proposed effect of lactase persistence may be the byproduct of some unseen European advantage. Towards this end, Table 4 restricts the sample of the baseline regression model to each of the three continents that makeup the Old World. Column (1) performs the baseline estimation for countries contained only within Europe. The coefficient of lactase persistence in column (1) is positive, significant at the 1% level, and larger in magnitude compared to the baseline estimate given by column (7) of Table 2 . This result implies the effects of milk consumption on population density are more pronounced within Europe; this is to be expected, since Europe has a greater history of milk consumption and therefore a greater exposure to the population advantages of milk (Simoons 1969) .
Column (2) constricts the sample to countries within Africa alone. The coefficient of interest remains positive but becomes insignificantly different than zero. As with Africa, the coefficient of lactase persistence with Asia remains positive but is insignificantly different than zero at conventional levels.
In column (4), I consider all countries outside of Europe. The coefficient of the frequency of lactase persistence is once again statistically significant at conventional levels and the magnitude only differs slightly from that given in the baseline estimate. The estimation of column (4) shows that Europe alone is not responsible for the significance of the coefficient of lactase persistence. Column (5) excludes Africa from the sample with little change in the coefficient of interest from the baseline estimate. Column (5) shows that within Eurasia milk consumption is associated with denser populations and development in the precolonial era. Table 4 provides substantial evidence that the effect of lactase persistence is not being driven by a European externality. This narrows the possibility of a spurious correlation and provides a better understanding of the role of lactase persistence in explaining variations in precolonial population density.
Omitted Variables
Tables 5 explores whether additional controls can make the effects of lactase persistence frequencies disappear. Column (2) includes a control for celiac disease; column (3) includes an additional genetic measure; column (4) includes additional environmental and geographic controls; column (5) controls for historic cultural variation; column (6) includes biogeographic controls; column (7) includes additional controls mentioned in columns (2)-(5); and column (8) includes all additional variables.
In addition to the digestion of milk, celiac disease, or the negative autoimmune response to gluten, a protein of grains, represents a dietary change initiated by the Neolithic Revolution. Celiac disease is the result of a genetically predisposed individual being exposed to gluten (Di Sabatino and Corazza 2009), and similar to lactase persistence, celiac disease has a greater prevalence amongst peoples of European descent (Fasano et al. 2003) . Given the similarities in timing and location amongst celiac disease and lactase persistence, it may be possible that the two dietary changes are correlated, from which the presence of dairying may have lessened the need for grains thereby lessening the harm of celiac disease and allowing it to rise in frequency. This substitution between grains and dairy may also affect population density; therefore, I need to control for the frequency of celiac disease in order to more accurately measure the direct effect of milk consumption. In order to measure the frequency of celiac disease, I create a proxy based upon the frequency of genes associated with the disease.
The HLA-DQ2.5 haplotype, or gene pair, has a strong association with celiac disease (Fallang et al. 2009 ). I therefore control for the frequency of this haplotype to account for the effect of celiac disease. This is shown in column (2) of Table 5 . The inclusion of this variable does not significantly alter the relationship between the country-level frequency of lactase persistence and precolonial population density, implying the positive correlation between celiac disease and lactase persistence is not driving the positive relationship between lactase persistence and precolonial population density. Celiac disease itself has an insignificant effect on population density in 1500 CE.
As noted earlier lactase persistence is a function of the genotype of a respective individual. It may be the case that a genotype that allows for lactase persistence may also allow for other growth promoting attributes, or, in other words, there may be some underlying genetic capital which is beneficial to development (see e.g., Ashraf and Galor 2013). Column (3) of Table 5 includes two additional genetic controls into the baseline estimation. These are genetic distance from the technological frontier, which is represented by Britain in 1500 CE, and the country-level genetic diversity in 1500 CE. Spolaore and Wacziarg (2009) argue that a smaller genetic distance (i.e., similar genotypes) eases the diffusion of technology, whereas Ashraf and Galor (2013) argue genetic diversity within a country has an effect on precolonial (and contemporary) economic development. The additional genetic controls do not alter the significance or magnitude of lactase persistence. 28 Lactase persistence is of importance, not because it is part of some larger genetic package, but because lactase persistence allowed for the consumption of an additional resource. This singular genetic adaptation gave an advantage, which in turn, allowed for the development of larger historic populations.
Column (4) introduces a number of climate and environmental controls; these include an index for the transmission of malaria, the mean elevation, the mean ruggedness, the mean temperature, the mean precipitation, and the fraction of the country belonging to each Köppen-Geiger climate zone.
An important environmental effect that may act on the number of cattle (and, in turn, the number of milk drinkers) and population density is the disease environment. Cattle and other milk producers are extremely sensitive to the tsetse fly, while people are subject to malaria and other tropical disease from similar environments. Looking at Figures 1 and 2 , areas with a low frequency of lactase persistence are similar to areas with a historic presence of malaria. An additional hypothesis posed by Anderson and Vullo (1994) argues malarial environments may have selected for lactase deficiency. This is due to the beneficial effects of malaria resistance from a diet lacking in riboflavin, which is supported by reduced consumption of riboflavin rich milk. This indicates that the relationship between lactase persistence and historic populations may be driven by the disease environment. It is therefore essential to control for differences in the disease environment. In addition to the ecological suitability of the tsetse fly, column (4) also controls for the index of malarial transmission from Kiszewski et al. (2004) ; while this is a contemporary measure, I have little evidence to believe it is an ineffective control variable.
Column (4) also controls for elevation and ruggedness, which is roughly defined as the average variation in elevation between cells within a country (Nunn and Puga 2012) . For my concerns, ruggedness accounts for land variations that make farming difficult; and, therefore, may promote the use of animal husbandry, which increases the likelihood of milk consumption. The inclusion of these additional geographic controls into the baseline regression should alleviate any potential biases that may occur due to land conditions that increased pastoralism. An argument has also been put forward that extreme environments may contribute to variations in lactase persistence (Cook and al-Torki 1975) . With this in mind, I control for extreme environments by including the percent of land within the tropics and the percent of land which is desert, as well as the percent of land within each Köppen-Geiger climate zone.
The percent of land within the tropics, for my purposes, represents an environment in which resources are rich; consequently, there should be little need for dairying. 29 At the other extreme, deserts are poor in resources, implying a greater need for dairying. Additionally, I include the mean temperature and precipiation within a country to account for other unobserved environmental differences that may potentially be associated with population density or the frequency of lactase persistence. The inclusion of additional environmental, climate, and geographic controls in column (4) does not alter the relationship between lactase persistence and population density. The coefficient of lactase persistence remains positive, significant, and similar in magnitude to the baseline estimate with the revised sample of column (1). The relationship between dairying and historic populations is not the result of a simultaneous correlation with a previously omitted environment or climate.
Additional historic cultural and institutional control are considered in column (5), which takes into account differential state histories within the Old World as well as an index for historical economic development, which represents a range of development from purely nomadic societies to those with complex state organization, and the fraction of the diet derived from animal husbandry. 30 A major 29 The percent within the tropics also accounts for tropical disease environments that may prevent the spread of cattle and populations.
30 Both historic economic development and the fraction of the diet from animal husbandry are derived from George Murdock's Ethnographic Atlas; therefore, each measure is based on an ethnicity. Using this data on ethnicities and the contemporary ethnic composition of countries (Lewis 2009 ), Alesina et al. (2013) create country-level measures for many of the variables within the Ethnographic Atlas. These country-level measures are based on contemporary populations and not population compositions in 1500 CE; however, limited migration in the Old World likely results in roughly consistent ethnic compositions across time-e.g., the correlation between the 1500 CE measure of lactase persistence and concern of endogeneity is tied to the cultural differences that led some societies to practice dairying.
Favorable cultures that are associated with milk consumption, and therefore lactase persistence, may also be associated with other differences associated with economic development. The inclusion of state history, historic economic development, and the concentration of animal husbandry into the baseline regression is intended to control for unobserved cultural differences associated within societies of each country. The inclusion of these potentially omitted variables does not significantly alter the estimated effect of lactase persistence, which remains positive, statistically significant at the 1% level, and similar in magnitude to the baseline effect of column (1). The results of column (5) strengthen the proposed relationship between lactase persistence and population density in 1500 CE by accounting for relevant cultural differences across societies. Domesticable animals were a necessary condition for the development of lactase persistence. But domesticable animals also provide population benefits, e.g., meat, labor, etc. Column (6) of Table 5 uses the number of potential domesticate animals as an additional proxy for the additional benefits conferred by domesticate animals as well as the number of potentially domesticate plants from Hibbs and Olsson (2004) . 31 Due to space considerations, the baseline estimation with the sample based upon available biogeographic data is excluded. With the revised sample, the baseline estimate for the coefficient of lactase persistence is 2.23, which is significant at the 1% level. The inclusion of biogeographic controls to the baseline model does not influence the estimated relationship between the frequency of lactase persistence and population density in 1500 CE, providing further support the direct relationship between dairying, not the presence of domesticate animals, and population density. Column (7) of Table 5 simultaneously introduces the potential omitted variables discussed in columns (2)-(5). 32 The inclusion of these potentially omitted variables does not affect the coefficient of lactase persistence, implying the relationship between lactase persistence and population density is robust to the inclusion of a large and theoretically important set of additional controls. Column (8) includes all additional controls with little effect on the magnitude of coefficient of interest, although statistical significance is lost from the reduction in sample size and resulting imprecision in estimation.
The results of Table 5 suggest omitted variable bias is not likely.
In summary, the coefficient on lactase persistence remains relatively constant in magnitude and significance throughout the numerous empirical specifications performed. Throughout the sensitivity the measure of lactase persistence using contemporary populations is roughly 1. A further concern of data from the Ethnographic Atlas is the time of collection occurs after the primary dependent variable of interest, population density in 1500 CE. As with the frequency of lactase persistence, variation in these measures may be driven by differences in historic population densities; therefore, the inclusion of the intensity of animal husbandry and economic complexity may not be exogenously accounting for differences in the specified variable.
31 The land suitable for pasture, the intensity of plow agriculture, and the ecological suitability of the tsetse fly are also intended as controls for the additional benefits of domesticate animals.
32 Biogeographic controls are excluded due to the sample truncation.
analysis, the coefficient of the frequency of lactase persistence remains highly significant and is rarely different in magnitude from the bivariate or baseline estimations (Column (7) of Table 2 ). 33 This robustness is shown through differing samples and the inclusion of theoretically relevant variables, which should, in the least, mitigate a potential selection or simultaneity bias. A strong association exists between a country's 1500 CE frequency of lactase persistence and population density in the same period.
Alternative Dependent Variables
Given the strong relationship between the frequency of lactase persistence and development in the precolonial era, it's of interest to see whether the beneficial effects of milk consumption are related to other measures of development. Of particular importance are income in the precolonial era, more historical levels of development, and the contemporary effect of lactase persistence.
Historic Population Density
The natural selection of lactase persistence is a relatively new adaptation resulting from the domestication of cattle and other milk producers. This idea is confirmed through a number of studies. Burger et al. (2007) find the gene variant associated with lactase persistence is absent in early Neolithic European populations. Plantinga et al. (2012) find that the frequency of lactase persistence was relatively low amongst Southwestern European populations in the late Neolithic Period, roughly 5,000 years before the present. Therefore, it is of interest to explore the effects of lactase persistence on more historic levels of development. Lactase persistence is a relatively new trait that should have more pronounced benefits in later periods. This is explored in Table 7 .
Columns (1), (2), and (3) regress the natural log of population density in 1, 1000, and 1500 CE, respectively, for the sample of countries in which data is available for all years. Column (1) explores the effect of lactase persistence on population density in the first year CE. 34 In this very early period, the estimated coefficient of interest is positive but statistically insignificant, implying the significant, positive population effects of lactase persistence are realized in more recent periods of the Malthusian era. Column (2) looks at the association of lactase persistence and population density in 1000 CE, and again finds a positive but statistically insignificant significant coefficient. Column (3) repeats the baseline estimation of column (7) of Table 2 with the sample of countries that have data for population density in 1 and 1,000 CE. No significant difference in the estimated relationship is seen with the reduced 33 The effect of lactase persistence remains positive, statistically significant, and consistent in magnitude when altering the sample across the differing variables of Table 5 . The reduced consistent sample does not significantly alter the relationship between lactase persistence and precolonial population density. 34 The frequency of lactase persistence is calculated with ethnic compositions for the year 1500. I have little reason to suspect the measure is invalid as a proxy for previous periods.
sample, and the positive and significant coefficient of the frequency of lactase persistence implies that the relationship between lactase persistence and population density is only recently realized.
As mentioned in Section 1.3, population density, which potentially serves as a proxy for the prevalence of infectious disease, may lead to the increased selection of lactase persistence, creating a spurious relationship in the previous estimations. To partially account for this difference in historical disease environments and the resulting reverse causality, columns (4) and (5) of Table 6 control for population density in earlier periods. A high level of serial correlation is found for population density. For the sample of Table 6 , population density in 1500 CE has a correlation coefficient of 0.94 for population density in 1,000 CE and 0.82 for population density in 1 CE. Therefore, controlling for population density in earlier periods reduces the amount of variation in 1500 CE population density, thereby potentially reducing the magnitude of its relationship with differences in lactase persistence. In column (4), which repeats the baseline estimation while including population density in 1000 CE and with the sample of Table 6 , the association between lactase persistence remains positive and statistically significant at conventional levels; although, the magnitude of the coefficient of interest is substantially lessened. 35 For column (5), which controls for population density in 1 CE in place of 1000 CE, a similar effect is observed: the coefficient of the frequency of lactase persistence is smaller in magnitude but remains positive and statistically significant. While the findings of columns (4) and (5) can not fully account for the potential of reverse causality, the estimates do suggest that the unobserved latent infectious disease environment is not the sole factor responsible for the significant relationship between 1500 CE population density and the frequency of lactase persistence. Table 6 explores the relationship between lactase persistence and a proxy of income in 1500 CE. According the the Malthusian theory of Ashraf and Galor (2011) , an increase in output will temporarily increase incomes within the economy, increasing demand for children, thereby permanently raising population while decreasing output per person, or income, to the initial level. If the relationship between the frequency of lactase persistence and population density is in concordance with the Malthusian theory, lactase persistence should not be related to income, as the benefit of lactase persistence has been translated into denser populations, not increased incomes.
Precolonial Income
Due to a lack of data, I use a measure of urbanization from Nunn and Qian (2011) . 36 As shown in 35 The p-value of the coefficient of the frequency of lactase persistence in column (4) is 0.058. 36 Use of Maddison income estimates for the year 1500 results in a sample size of 25. As a consequence of this reduced sample, the estimated relationship between lactase persistence and population density becomes insignificant. Urbanization from Nunn and Qian (2011) is the fraction of a country's population living within a city of a population greater than 40,000. Acemoglu et al. (2002) , urbanization is strongly related to incomes in the Malthusian era; with this finding in mind, urbanization serves as a viable proxy for income. Column (1) reports the bivariate regression of urbanization in 1500 CE on the frequency of lactase persistence, which shows lactase persistence having an insignificant effect on urbanization, the proxy for income. 37 Consistent with the theory formalized by Ashraf and Galor (2011) , the added benefit of lactase persistence did not lead to higher incomes in the Malthusian era. The baseline controls are included in column (2), resulting in a negative and statistically significant coefficient on the country-level frequency of lactase persistence.
This negative relationship may be due to the structure of pastoral societies in relation to the proxy for income. Pastoral societies had the potential to develop great frequencies of lactase persistence but had little use for sedentary cities. 38 Columns (3) and (4) repeat the estimations of columns (1) and (2), replacing the urbanization rate in 1500 CE with urbanization in the early period of 1000 CE. The coefficient of the frequency of lactase persistence on the earlier measure of urbanization is lessened in magnitude but is consistent in the sign and significance.
As with population density in earlier periods, the fraction of the population living within a city may be a useful control to account for the effects of infectious disease. Due to relative large populations, high densities, and poor plumbing, cities serve as likely reservoirs for a number of infectious diseases.
Therefore, countries with a greater fraction of the population living within a city experience greater exposure to infectious disease, which in turn, can potentially lead to a greater turnover of the population through the mechanisms mentioned previously. In order to account for this potential association with the infectious disease environment, columns (5)-(6) control for the urbanization rate in the baseline estimation.
Column (5) includes the urbanization rate in 1500 CE into the baseline estimation with no substantial effect on the coefficient of lactase persistence. Column (6) replicates column (5), replacing the urbanization rate in 1500 CE with the rate for 1000 CE. Again, the coefficient of interest remains similar to the baseline estimate. The use of urbanization as a control for the historic infectious disease environment does not alter the relationship between the frequency of lactase persistence and population density in 1500 CE. Providing support for a limited role of infectious disease in accelerating the selection of lactase persistence, thereby further lessening the concern of reverse causality.
37 The 3 excluded countries for Table 7 , which are missing data on urbanization, are Azerbaijan, Bahrain, and Georgia. The baseline relationship between lactase persistence and population density in 1500 CE is unaffected from the exclusion of these countries. 38 The negative relationship between lactase persistence and urbanization is unaffected by the exclusion of the dummy for Roman heritage.
Modern Development
Given the strong connection between lactase persistence and historical development, it is of interest to explore the effects of lactase persistence on contemporary populations and incomes. Table 8 (1) suggests lactase persistence remains positively associated with population density in the current era; however, this effect is insignificant at conventional levels. Considering income in column (2), lactase persistence is again shown to have an insignificant association with contemporary levels of development.
The country-level frequency of lactase persistence isn't directly related to contemporary economic outcomes. The effect of lactase persistence is captured in the Malthusian economy preceding the Industrial Revolution, not in the present economy. This coincides with the current natural selection of the lactase persistent trait. Due to the numerous dietary options and health interventions, the contemporary benefit of lactase persistence is likely to be negligible, and this insignificance is shown in the coefficients of Table 8 .
Conclusion
Lactase persistence, which measures the ability to consume milk, is a recent genetic adaptation that has been naturally selected since the Neolithic Revolution. My main hypothesis is that the consumption of milk increases the carrying capacity of a fixed quantity of land by increasing both the quantity of calories produced and through qualitative improvements in diet from the high protein and other nutrients found within milk.
Towards this end, a statistically strong relationship is shown between the frequency of a country's 1500 CE population that is lactase persistent and the level of economic development in the precolonial era, measured by population density in 1500 CE. This relationship is robust, remaining consistent in magnitude and statistical significance through the addition of numerous controls and sample specifications. Importantly, the baseline estimating equation controls for a number of theoretically valid 39 The contemporary controls include an ancestry adjusted measure of precolonial population densities, an ancestry adjusted measure for the millennia a country has practiced agriculture, ethnic fractionalization, land productivity (i.e., the first principle component of agricultural suitability and the percent of arable land), the suitability of land for plowpositive crops, plow-negative crops, and pasture, absolute latitude, and the average country-level distance to the coast or navigable river.
measures that account for agriculture, technology, geography, differing measures for the suitability of domesticate animals, and continent and region effects. Additional controls are also considered with little effect on the estimated relationship between the frequency of lactase persistence and population density in 1500 CE. Furthermore, the estimated relationship is robust to adjustments in the sample based upon migration and continent-level differences.
The analysis, while highly suggestive, is unable to truly establish a causal role for the frequency of lactase persistence in leading to differences in the population density in 1500 CE. Reverse causality remains plausible as more densely populated countries likely experienced a greater prevalence of infectious disease. This increased prevalence is associated with a rise in the mortality rate and, given the dynamics of the Malthusian economy, a rise in the birth rate, resulting in a greater turnover of the population and a faster selection of lactase persistence. In addition to concerns of reverse causality, the selection of lactase persistence is tied to the unobserved cultural practice of dairying, which may effect population density through other channels. However, there is little evidence for the proposed mechanism of reverse causality, and by controlling for a number of relevant, observable cultural differences, cultural variation does not appear to be a substantial source of bias.
Diamond states: "History followed different courses for different peoples because of differences among peoples' environments, not because of biological differences among peoples themselves." This paper does not intend to dispel this argument; rather, it alters this view by considering the role of the environment in shaping the frequency of genetic variants that may have long running effects on both health and economic outcomes. 
A. Frequency of Lactase Persistence for 1500 CE
Absolute Latitude
The absolute value of a country's representative latitude. Representative latitude is given by the centroid latitude of a country from The World Factbook (2011).
Average of Tsetse Suitability Index
An average measure of the ecological suitability of three species of tsetse fly: Fusca, Morsitans, and
Palpalis. Data are from Wint and Rogers (2000) .
Distance from Coast or Navigable River
The average distance in thousands of kilometers from an ice-free coast or navigable river. This variable is from the Center for International Development, which is derived from Gallup et al. (1999) .
Distance to Technology Frontier
Technology frontiers are the two largest cities within each continent belonging to differing polities.
For the Old World, the frontiers are London (UK), Paris (France), Cairo (Egypt), Fez (Morocco), Constantinople (Turkey), and Peking (China). Country-level distances, in thousands of kilometers, are calculated by the distance from a country's modern capital to the closest frontier. These data are from Ashraf and Galor (2011).
Fraction within Boreal
The fraction of a country within a Köppen-Geiger boreal climate. These data come from Gallup et al. (1999) .
Fraction within Desert
The fraction of a country with sandy desert, dunes, rocky or lava flows. These data come from Nunn and Puga (2012).
Fraction within Dry Temperate
The fraction of a country within a Köppen-Geiger dry temperate climate. These data come from Gallup et al. (1999) .
Fraction within Polar
The fraction of a country within a Köppen-Geiger polar climate. These data come from Gallup et al. (1999) .
Fraction within Tropics
The fraction of a country with a Köppen-Geiger tropical climate. These data come from Nunn and Puga (2012) .
Fraction within Subtropics
The fraction of a country with a Köppen-Geiger subtropical climate. These data come from Gallup et al. (1999) .
Fraction within Wet Temperate
The fraction of a country within a Köppen-Geiger wet temperate climate. These data come from Gallup et al. (1999) .
The Frequency of DQ 2.5
This variable is intended to be a proxy for the frequency of Celiac Disease. The data represent the fraction of a country's population containing the HLA-DQ 2.5 haplotype, or gene variant combination.
The DQ 2.5 haplotype is the dual occurence of DQA1*0501 and DQB1*0201 genes. These data are given at the ethnic level, which are then matched to ethnic groups given by Ingram et al. (2009a) and aggregated to the country level by 1500 ethnic compositions. Data at the ethnic level can be found at allelefrequencies.net/hla6003a.asp (Gonzalez-Galarza et al. 2011 ).
The Frequency of Lactase Persistence in 1500 CE
Lactase persistence frequencies for Old World ethnicities are given by Ingram et al. (2009a) . Ethnic data are then aggregated to the country level by matching ethnic groups from Ingram et al. (2009a) to compositions in Alesina et al. (2003) Genetic Distance from the U.K.
Genetic distance is a measure of genetic diversity between societies. This measure is calculated with the fixation index, or F ST , from population genetics and measures the variation in gene frequencies across differing groups. F ST scores are given for 42 indigenous populations; the data come from Cavalli-Sforza et al. (1994) . The genetic distance measures are then aggregated to the country level by Spolaore and Wacziarg (2009) , from which genetic distance to the UK is found for 206 countries. The UK is chosen as the technology frontier in 1500 CE. Genetic distance from this frontier is intended to convey difficulty in the diffusion of technology.
Genetic Diversity
Genetic diversity is the predicted country-level heterozygosity based on migratory distance from East Africa. These data represent the probability that two randomly selected individuals contain different gene variants at the same locus. The data are from Ashraf and Galor (2013) .
Historic Intensity of Animal Husbandry
A measure from 0 to 1 percent that measures an ethnicity's historic dependency on animal husbandry.
The measure is aggregated to the country-level by the contemporary ethnic composition of a country found within the Ethnologue (Lewis 2009 ). These data are from Alesina et al. (2013) .
Historic Economic Development
An aggregated country-level index from 1 to 8 that represents historic economic development-nomadic or fully migratory, semi-nomadic, semi-sedentary, compact but temporary settlements, neighborhoods of dispersed family homes, separated hamlets forming a single community, compact and relatively permanent, complex settlements-for ethnicities within modern country borders. These data are from Alesina et al. (2013) .
Land Productivity
Land productivity is the first principle component between a country's fraction of arable land and the country's suitability of agriculture. The fraction of arable land comes from the World Development
Indicators. Suitability of agriculture is an index capturing soil and climate conditions favorable for agriculture. Suitability data are from Ramankutty et al. (2002) and aggregated to the country level by Michalopoulos (2012) . Land productivity data are adopted from Ashraf and Galor (2011) .
Malaria Ecology Index
The malaria ecology index takes into account differences in the environment and mosquito vectors that contribute to the spread of malaria. These data come from Kiszewski et al. (2004) .
Mean Elevation
The average elevation in kilometers above sea-level. Data are from Nordhaus (2006) by way of Ashraf and Galor (2013) .
Mean Precipitation
The average yearly precipitation in millimeters within a country between 1960 and 1990. Data are from Nordhaus (2006) by way of Ashraf and Galor (2013) .
Mean Temperature
The average yearly temperature in Celsius within a country between 1960 and 1990. Data are from Nordhaus (2006) by way of Ashraf and Galor (2013) .
Member of the Roman Empire
An indicator variable coded to one for countries with Roman heritage that were part of the Roman Empire but not belonging to the Ottoman Empire. These include Belgium, Britain, France, Italy, the Netherlands, Portugal, Spain, and Switzerland. These data are from Acemoglu et al. (2005) .
Millennia of Agriculture
The millennia since the majority of a country's population adopted agriculture for subsistence. These data are from Putterman and Trainor (2006) .
Number of Potential Domesticate Animals
The number of prehistoric, native animals that were a potential source of domestication within a country. These data are from Hibbs and Olsson (2004) .
Number of Potential Domesticate Plants
The number of prehistoric, native plants that were a potential source of domestication within a country.
These data are from Hibbs and Olsson (2004) .
Population Density in 1, 1000, and 1500 CE Population data for 1, 1000, and 1500 CE come from McEvedy and Jones (1978) . Land area for each country is based on contemporary borders and is from the World Development Indicators. These data are adopted from Ashraf and Galor (2011) .
Ruggedness
Ruggedness represents the average standard deviation of grid elevation within a country. These data come from Nunn and Puga (2012) .
State History in 1500
This variable measures differing levels of societal formation in 50 year intervals from 1 CE to 1500 CE.
The data are then aggregated to form an index for state history. These data come from Chanda and Putterman (2007) .
Suitability of Land for Pasture
A suitability index, ranging from 0 to 1, for pasture within 5 arc-minute by 5 arc-minute grids, which is then averaged within modern country borders. This index takes into account climate, soil, and and terrain conditions necessary in developing grasslands. The raster data can be found at http://www.fao.org/geonetwork/srv/en/metadata.show?id=14167.
Suitability of Land for Plow-Negative Crops
The agricultural suitability for sorghum, maize, millet, roots, tubers, and tree crops. Data are from Alesina et al. (2013) .
Suitability of Land for Plow-Positive Crops
The agricultural suitability for wheat, teff, barley, and rye. Data are from Alesina et al. (2013) . Notes: (i) The baseline regression model given by Equation (1) and column (7) of Table 2 is used for all regressions of 
Tables and Figures
Freq. of Lactase Persistence 3.3379*** (1)- (3) perform the baseline regression within Europe, Africa, and Asia, respectively. Column (4) excludes European countries from the sample; this shows the effects of lactase persistence aren't driven solely by Europe. Column (5) shows that within Eurasia the ability to consume milk was associated with denser populations.
Notes: (i) The baseline regression model given by Equation (1) and column (7) of Table 2 is used for all regressions of Summary: This table controls for potential omitted variables that may be causing the positive relationship between the frequency of lactase persistence and precolonial population density. The inclusion of additional, relevant controls does not alter the estimated relationship of interest. Column (1) adjusts the sample for countries that have data for all omitted variables; column (2) includes a control for celiac disease; column (3) includes additional genetic controls; column (4) includes additional geographic and climatic controls; column (5) includes additional historic cultural controls; column (6) includes biogeographic controls; column (7) includes additional controls from columns (2)-(5); and column (8) includes all additional variables.
Notes: (i) Baseline controls include the millennia a country has practiced agriculture, the first principle component of the fraction of arable land and an index for the suitability of agriculture, the suitability of land for plow-positive and plow-negative agriculture, the suitability of land to pastoralism, the ecological suitability of the tsetse fly, the great circle distance to a technology frontier, an indicator variable for whether a country has Roman Heritage, the absolute latitude of a country, and the mean distance to the coast or navigable river.
(ii) The sample of countries is restricted to the Old World (i.e., Europe, Asia, and Africa). (iii) Continent fixed effects include indicator variables for Europe and Africa. (iv) OLS coefficients are reported in each column. *, **, and *** represent significance at the 10, 5, and 1% significance level, respectively. Robust standard errors are in parentheses. Summary: This table shows that the full effect of the frequency of lactase persistence on precolonial population density is realized in 1500 CE. Lactase persistence is a relatively new trait, which translated into denser populations in the year 1500 CE, but may not be associated with levels of development in previous periods. Additionally, controlling for earlier periods can potentially correct for reverse causality from the infectious disease environment. Column (1) regresses population density in 1 CE on the baseline estimating equation; column (2) considers population density in 1000 CE, while column (3) re-estimates the baseline regression while using the sample of countries that contain full data for the 3 periods considered. Columns (4) and (5) control for population density in 1000 and 1 CE, respectively.
Notes: (i) Baseline controls include the millennia a country has practiced agriculture, the first principle component of the fraction of arable land and an index for the suitability of agriculture, the historic use of plow agriculture, the suitability of land to pastoralism, the ecological suitability of the tsetse fly, the great circle distance to a technology frontier, an indicator variable for whether a country has Roman Heritage, the absolute latitude of a country, and the mean distance to the coast or navigable river.
(ii) The sample of countries is restricted to the Old World (i.e., Europe, Asia, and Africa). (iii) Continent fixed effects include indicator variables for Europe and Africa. (iv) OLS coefficients are reported in each column. *, **, and *** represent significance at the 10, 5, and 1% significance level, respectively. Robust standard errors are in parentheses. (1)- (2) show the frequency of lactase persistence is not positively related to the urbanization rate in 1500 CE, while columns (3)-(4) replicate the findings of columns (1) and (2) using the urbanization rate for 1000 CE, and columns (5)-(6) consider the urbanization rate as a proxy for the infectious disease environment to partially account for reverse causality.
(ii) The sample of countries is restricted to the Old World (i.e., Europe, Asia, and Africa). (iii) Continent fixed effects include indicator variables for Europe and Africa. (iv) OLS coefficients are reported in each column. *, **, and *** represent significance at the 10, 5, and 1% significance level, respectively. Robust standard errors are in parentheses. Table 2 
